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PLOW-SYSTEM MULTIANG!.E LIGIHT-SCATTERING STUDIES: A PROGRESS REPORT
by
G. C. Salsman, D. E. Buraar,l M, Burtholdl.2 and B, J. Price

Biophysics and Instrumentation Group, Los Alamos Scientific Laboratory
University of California, Los Alamos, New Mexico 87545 USA

INTRODUCTION

In principle, the morphology of a scattering object uniquely determines {ts light-scactering patrern.
This indicates that light scattering might provide a powerful too)l both for the analysis of cells and for
discrimination of cells from heterogeneous populations. Small-angle light scattering from both particles
snd biological cells has been shown to be a measure of their size (1-9). A number of suthors have demon-
strated the ucility of light scattering at larger angles for cell discrimination (7,10-16). Wa presenc in
this paper a progress report on the analysis of particles and tismsue culture cells by multiangle light-
scattering measurements.
MATERIALS AND METHODS

The instrument is shown in Fig. | and has been described in some detail in a previous paper (l4). A 3-
aW helium-neon laser beam (632.8 nm wavelength) is focused by & 150-mm focal length spherical lens into a
saline-filled (n = 1.3345) flow chamber (17) where it intersects a sheath flow encased 20- to JO-um diameter
saline sample etream. Light scattered from a cell in the sample stream is detectead by a photodiode arcay
containing J2 individual photodiodes in a concentric ring configuration ana a back-angle (176°) detector
(18). The current pulse resulting from a light flash on sach of the rings is amplified logarithmically and
the peak of each pulse sensed and held. These held levels are than multiplexed into an analog-to-digital
converter and stored {n a computer memory.

The data are proeellcd'by a cluster analysis technique described elsewhere (14). The clucter represen: -
ing the raw scatter patterns from a sample of 10-um diamoter polystyrene latex spheres is shown in Fig. 2,
The enclosed area represants a band two standard deviations wide around the average scatter pattern for the
group. The ring numbers ''Parameter" are related to tha true scattering angle shown in Table 1. Afcer
the raw data aro corructed for detector nonuniformitics, detector arva, detactor distance, laser power,
logarithmic amplifier gain, and analog-~to-digital converter gain, rthe patterns should be propertional to
tho actual scattering Intensity. Figure J shows the meas of the l0-pym sphere data in Fig. 2 presencted as
relative intensity vs angle. The three data points between 2° and 3° ware removed hecsuse of problems with
anplifiars. The lines connecting the points are not meant to represent the data. Note that, for this
highly rafractile sphere (index of refraction ralative to water = 1.20), the apparent detailed structure in

the raw data (Fig. 2) is pressrved in the corrected data (Fig. 3).
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RESULTS AND DISCUSSION

An asynchronous population of Chinese hamater ovary (CHO) tissue cultu;u cells wam fiwed In 1.5%
glutaraldehyde and later resuspended in normal saline, This particular preparation produced a significant
number of cells from which the cytoplasm had been reamoved. This nuclei subpopulaticn was identiflied by
comparison with a sample containing only CHO nuclei., The raw data clustecre are shown in Fig. 4, and the
corrected average scacter pattern from each cluster {s shown in Fig. 5. Note again the threc missing data
points between 21" and 3®. For both the whole CHO cells and nuclei, the }cgion between 1° and 2° is well
vithin the diffraction~dominated forward scattering lobe, and the data can be expected to indicate relatlve
cell sire. Bevond the forward scattering lobe, contriburions due to reflection and refraction dominate the
pattern. Thercfore, internal structure such as the presence of the nucleus can be expected to contribute
significantly to the pattern. One surprising feature of thcee data ie the lack of structure {n the pattern.
Th?s pay be due to the large angular range subtended by the detector elements at larger angles and the 1w
refractive index of the CHO cells relative to water (m = 1,02 to 1,03) (19). Another interesting feature
of these data is that the nuclei and whole cell scacter patterns follow each other closely over @ broad
angular range above J}°.
SUMMARY

Multiangle light-scatter patterns for 10-um diameter polystyrenc latex microspheres and for
glutarasldehyde-fixed CHO calls and nucleil are presentad as relativa ecattering intensity vs corrected
scattering sngle., This short presentation 1@ mcant only to be a report of work in progress. The data arc
preliminary, and work ims now under way to compare the microsphere data with exact electromagnetic theory
calculacions.
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RELATIONSHIP BETWEEN PARAMETER NUMBER IN FIG. 2 AND

Parameter Number Mecan Angle (°) Half-Angle Subtended
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TABLE 1

ACTUAL SCATTERING ANGLE SUBTENDED

0.00
0.28
0.43
0.58
0.73
0.89
1.05
1.23
1.41
1.62
1.85
3.05
3.46
3.91
4.4
5.01
2.66
6.39
7.2
8.11
.11
10.22
11.4%
12.74
14.17
15.69
17.32
19.03
20.82

0.14
Q.05
0.08
0.06
0.06
0.06
0.07
0.07
0.08
0.09
0.10
0.17
0.19
0.22
0.25
0.29
0.33
0.37
0.41
0.46
0.51
0.56
0.6}
.67
0.72
0.77
0.82
0.86
0.90
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FIGURE LEGENDS
Schematic draving of the flow~s-stem sultiangle light-scattering instrument. The backscatter

detector vas not used in these measurements.

Cluster representing the raw scatter patterns from a sample of 10-ym diameter latex microspheres.
The abscissa gives ring number (see Table 1), and the ordinate gives the logarithm of the un-

corrected scattered light intensity. The ordinate numbers are to be lgnored.

The average of 400 corrected scatter patterns for the 10-um aphere data shown in Fig. 2. The
abscissa gives true scattering angle (log-mcale), and the ordinate gives rclative scatter intensity

(log-scale). Note that three points arc missing between 2° and 3°.

Two clusters of raw scatter pactterns from a sample of Chinese hamster ovary tisgue culture cells
contalning some stripped nuclei. The nuclei were identified by comparison with a sample containing

only nucleti.

The average scatter pattern from each of the clusters shown in Fig. 3 corrected to relative scatter

intensity. Note the three missing data points between 2° and 3°.
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